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(54) CEMENT ADDITIVE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a cement additive 
excellent in fluidity retentivity, suitability to kneading 
with mortar and productivity and capable of shortening 
production time by incorporating a specified copolymer 
having repeating units including polyalkylene glycol ester 
units (I) and carboxylic acid units (11). 
SOLUTION: The cement additive contains a copolymer 
having repeating units including polyalkylene glycol ester 
units of formula I and carboxylic acid units of formula II. 
In the formula I, R1 0 is a mixture of 3-7C oxyalkylenes; 
R20 is a mixture of 2-1 80 oxyalkylenes; R3 is a 1-30 
hydrocarbon; (n) is 1-50; and (m) is 35-300. In the 
formula II. R4 is H or methyl; and M is H, a mono- or di- 
valent metal, ammonium or an organic amine. The weight 
average molecular weight of the copolymer is usually 
5,000-200,000. The copolymer may be produced by any 
method and solution polymerization or bulk 
polymerization using a polymerization initiator is, e.g. 
adopted. The polymerization temperature is usually in 
the range of 0-150** C. 
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{I^<yx^^>^57'yn-;^d<y7*pt:'u>^yp-J^) 
(ij<y) :7'pt*u>^y p-;u^^x,^ y U'- H 
<*) , T'JJi^t^iy {;^*yx^u>^y p-;u^y 

^u>:j^yp-^H (-i^y) yp t:*u>^y p-Jt"=e>^ 
y h (*) . Tyju:^+t^ {ri<y x^u>i?^y 



XL 

n - ; U U :7' u f U > ^ :3 - u «; y ^ U > ^' V =3 — 
-;b;J<>; :7'PfU>^'';r3-;U;i< >; U> i^'j 

{it? y X ^ u > -ji/jj< y y'a t' u> ^ 
y3-;u) { (3j<y) fu>i^y n-;!/ (7i<y) y 
^u>^y rj-;i/^yr ^ y h} (*) . rvji^t 

{^Ky x^^uvyy z2-;^^^?y ^^^u^ij^y 
^'l'} { (4<y) :/PfU>yy r2-;U (;i<y ) :r^u> 
^y y (*). Tyj^^^^i^ 

yx^U>^y :3-;l'r^*y ynfc:'U>ii/y 3-;U.i<. 
y:;'^u>^y { (;i<y) uvi^yn- 

ii/ (*y ) r^^u>^^y r3-;u*>^r y u-h) 

(*) , y'a^^jl^^Jl'^^Zy {rK y x^u>^y 
^y y'afb>^y (.i<y) :7*afu>iyy3 

-;u^yri^yu- h (*) . yo/^*;^4^*J^^f•4^i^ 
yx^u>yy r3-;u;i<y u>^y r3-;u} (.i< 
y) 7'ab*u>^y n--;l/^yr i7y u- h (*) . :7' 
uj^ji^jvt^iy { .t? y X ^ u > ^ y 3 - ji/3i< y :/a t: 

U>:5/y ri-Jl/d<y:/5^U>i5^y (;i<y) r^'n 

t*u>^y n-;u^yT^ y h , :7*p>'N-;b^' 
{;}<yx^U>^y a-;U^|<y :/Pt:'U>:i/y 
(3i<y) :/^^>:5^y =3-;u^yTt>y 
>'*D>^>:;u=*^'jU:t+>^ {;i<yx^u>^y n-;i/ii<y 
:7'5^u>ty y (3i<y) :/5='U>i5^y n-;u-ty 

^->r^;i<yr7•pt•^>^y3-;^^^:y>^^^>t^yr2- 
^u) (ri<y ) y^u>i5^y p-JU^>^T^5' y u- y 

Dv'^•;l/^^;^:^ + t/ { y x 5" U > y n-;U3|<y f 
U>:yyn-;U) { (;J<y) :/PfU>i^y (;i< 

y) ^^u>t5^yn-;i/^yT^ y u- h) (*) . y' 
{ 7f< y X ^ u > :5/ y :3 - ;U;i< y u 
>i/yr7-;H { (;J<y) :7*p t'U>:^^y P-;U 

y ) :7^u>:y y ri-jiz-tyr^ y h } (*) . y' 

P ^ ; u ^' ; U ^ ^ v' { ;J< y X ^ U > y n - ; u ;j< y y P f 
u>t^y n-;u>i<y7'^u>i?'y { (.i<y) 

Pt'u>:j/y =2-;i/ (;}<y) ^^u>d^y p-;i/^>^r 

i^^yu-h) (*) ^cC<i:'c7)r;Un4^tx;i^-y TJL'+U>y 
yn-;u (;i<y) (T^L'+u>^yr3-;i/) y;ux 
( { ) rt<Drju+u>^y 

CO 03 1] ( I ) (^yT;u+u>i^y 

n-juxxf-jl/^aft (IV)) tCfct^r|e*»3-7 
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r;L'+u>:^^^>Ki* (R* o) {^:/p ^tSrjS^L 

-TCDT^U-^U^^^-^^-KSft (R^ O) tm^luXi.-^^ 

ctifirnhmm-ch^. mscc^oiSLmfit (v i i ) 

(rKyT;i/+b>^^y 33-jUx;^f*jl.^fi<$ (X) ) cc 
ijo^r^^!g(4'-7(Dr;u+i'>:t+iy FIM (R' o) 

tmM^2--l 8(DT;U+U>*+i/Kift (R' O) « 
M'^a3^^J^^4'-7<OT>'l'=^U>:^-^t^K$I (R* 

20 [0 0 3 2 ] ?:c*5.^oiiu#{4 ( I) ('i^yrji-^b 

y^^)zi^)Vx.y^T)\^mSLW (IV)) tCfct-tSR' 

iR' oicDi^^tj. xxf-^bii^^^^Jj^eMr. ^7]^5^) 

(OS ♦3^«?SC2. S--! 8) *i^n/c<i:C53«)>6*R 

^ oir-s. mWiC. ^oiibm(vi I) (^yr 

;u=^^u>:J/yn-;i'X;^f-;U#fii* (X) ) «:4tft:f^R 
* OiR' OiOi^^^. xXr;U^-^^7&^6mr. 
I5]a?)rg^«l»4 --7 W51-og^»©r F 

(oSf)^S2-'3. 8^1 8) *5^nfciC53JP 
30 h^K' OiTS. 

[0 03 3 ] «^^a2'-l 8<DT;U^lx>:t+>'K (R 

' O. R* O) <hLr«. x^U>:^-=^^i/ K. :/PfU/ 

h\ 1 ->^T*>^=^S^h\ 2-yr>:i-+i^h\ X^U 
>:^=t^^' K^Dcfc ^&TJI/+ U>3r+t/ F^JIC^^ C <i:7&^ 

>&i*t>JfSLC^ xxf*;U^§|5^^Wi^<f:C5Ccg^ 

2- 1 8 0T.^U+U>:^-=^i>F'WinSP^iLr{3:^!K 
2- 1 8<DrJi^=^\y>:t^iyh'(Dim^fcitt2miU±m 

CO 0 3 4 ] ^Diiomii ( I ) (*yT>iu+u>yy 

p-;Ux;;^T';U#S<* (IV)) CCfcC:^ ^)^^t^2 - 1 
8(0T>'U+U>:f+>'F (R' O) CD^i^^Jra-tJUlK 
(m) «3 5-3 0 OO^-C*^. (V I 

50 I) (;i<yrjL'+u>^y r3-jux;<f-ju#a:l* 
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(X) ) CC4oH:f^^^?S2'-l 8<DT;U4^U>:^ + >^F 
(R*0) (D^^WM'tJl^ (q) til-3 0 0CD3a-C 
3 5-3 0 OCDtBfflWSL/l^. -?-0r, C^Tti 

rfi]±o/ca6ccti 5 1 2 8 0 (omm^^^^ o < . s e^c 

S?SL.<CJ55--2 5 0. Se)CCjt^L/<«60-2 0 
TL-^fl^ ^/c. ^^1^2- 1 8(0T^U^U>^^>' 

CO 0 3 5 ] ( I ) (^ur;u+ix>^'; 

r3-;UxX'r (IV)) (CfcC^f^j^^gScS-T 
CDT;l/^U>:t + i^ K (R' O) tLX{ty'^t:iy>:t 

3- '6cDr;L'^u>^=^v'F#Mr^0. 

7CDT;1'^ U>:(f--^^> F{^ttia5^iL/rtS^^^3'-7 
or)T;L'+U>:^^t^ K(D 1 /ci^ 2 a«±fflC^ ^ C <fc 

C0 03 6],^0iio#fi(vi I) (;j<';r;u=^-^> 

rJ-^Jl/XXf-^U^ai* (X) ) CC:feC^'5^^4'-' 

^=t^i^K#^]04i5r^O. cfcO»^L<tJ^^|g(4-'5CD 

j^?S4<Dy^U>:^ + i^ Ff^JD^jr-^^o ^/c. 

&4 -7<DrJt'^U>:t + ix' Fj^^JngP^<i: brtij^JS 

4- '7<z)r;u=^^ u>:i*=*^ix FO 1 a$/c{i2awJi^t* 

CO 03 7 ] I^K)&UmiiL ( I ) 0C*jC:f^^^?»3-7 
CDr;U=^^U>^^>' F (R' O) <D^i53{^-JJD-t;u8i 

(n ) 4b-J:c;^0iIL^{i (VII) CC*jC:f^^*|&4 
-7<7)TjU=^^U>^^>'F (R* O) (D^i^^^.'UtS: 

(p > 1 --5 o*;i'<D«gH-c*S?&5, if* 0< 1 

L/<ii2-- 1 0^;U. 3 6CCjff^L<(i2-'5^>^L'CDe 
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{c-5x.€»c<i:;&sr#fti.\ -feyv FT;U;^ U^T^^c 
*ra*^«T^^^Jra^^^^^7!?^o ^;u(D4>(D3&^^^n5c i 

[0 0 3 8 ] ^(Dfci^. j^Oilumfi ( I ) tC^oH-j-^^ 
SIS3-7 0r;U+U>^ + ^>'F (R^ O) (Dj^ttl'^r^U 
?a:(D^^*5i:O'i^0iIL.m{i (VII) Cc46H:t-S^Sfc 
4-'7<Dr>H'^U>^=^t^ F (R* O) cD^^»0'=e>'UiSCD 
^^tLXtft. ±^0iSO*i4 ( I ) fc<l:a^'^3*0ilO 

*a (VI I ) <D^>i^. {^jjn^;na*:so^>rKo^g03gu 

m{4<3DfJ^;(?^. r;un-;u (HO (R* O) „ (R 
' O) . R' ^fcktHO (R* O) p (R* O) 

20 , R' ) (c^nLfc$i^'V2mm%&.TTA^c^^m 
(It (V I I ) cD^^. {■m'^)i'^^n^)i^&.T<DmK>& 

bm{4<7)fij'^7&5. r^U^J-^'U (HO (R* O) „ (R' 
O) . R' */cliHO (R^ O) p (R'^ O) , R' ) 

C0 03 9]3S0iIO*{4 (I) (sJ<';T>rU+W>^U 
(IV)) Cc*5t^r^^t/T;i/+ 

u>a (^^ia3-'7<Dr;u+u>:t+i^Fii (r 

30 * O) <!:j^^3S2-1 8(DT;L'+U>:t=^t^Fil( (R' 

O) CD-^it) (Z)8 0^>'b%W±t3::t=^>'X^U>Sr^ 

»^L<«9 5-t;i/%fet±r*^o I^«cc3*0iiu^a 
(VII) (jKUT^U+U^^U ^u*a^ 

(X) ) ^C:tel^r:r^>'r;U^U>S (i^^|g[4-70 
rJU+U>^ + v'FiK (R' O) «i:ge^a2-'l 8(DT 
FiM (R* O) ©-&fh) cD8 0-=e;U%ti 

* <ii9 0^;b%ti±, cfcO»^U<ti9 5'^:>'U%fe(±-C 

CO 04 0 ] tfc, mcmm^ib. (d 

(^'jr>»u+u>iJ^»J ( I V) ) 

tC^dl^T, ^^3-7(DTJU+U>:t+>' FiK (R^ 
O) CD^J^)^^^^L'?g^n<h^ia2-' I 8CDT;m^U> 
:t=<^>'Fia (R* O) cO^±&{^»a^-^H^m<t©PBlCC (m 
/n) >8W±©Bafi^3&5^0Aloci>&^Jf*Ll^ 

cc3s«:)iiL/m{i ( V I I ) (;j<';TiU+u>^^y =^->'t' 

50 xXr-^U#fii$ (X) ) ^*5t*-C. j^^lK4->-7 0r-'t' 
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m^tj^q tors^fC (q/p) >Biu±o:>mi^.^^f&o^ 

[0 04 1 ] ^^iyTJl^'^iy>m(D^^(DR' . R' (J 

[0 0 4 2 ] j^cfc. ^oiiomfi ( I ) ^^^^mmi^ 

(d<'JriU^U>:5^';:3-;l.xxr-;U#S{* ( I V) ) 

^jf:z^m^iELm& (VII) ^^x5#s<* (Ji^'jr 

jb^u>^';n--;Uxxr;U-^fitt (X) ) iJlS^/c 

I ) . (VIII) ir^^^mma^ (tjji7i<>mmmw 

(V) . (X I ) ) tLXkt. T^'))\m. 
2aJ^±*fflCi5.C<i:*5-C&5o -fe-^^^^h^tSttttg. ^ 

[0 04 3] j£:^scciS;Dr. ^oiicm ( i) . (i 
I ) UWcD^Oiiumffi (III) : Ji<';r;u^u>^ 
';3->FUx;:?.7^;U#Sf* (IV), ;^;jU?J^*>^#S<* 
(V) JWil-CD^Mi* (V I) (V I 

I ) , (VIII) ]:!X9V<Dm^^Mhm^ (IX) ; 
T;L'^U>^y a-jl/x;:^f-;l/#S# (X) , :*';L'^'> 
(X I ) (XII) ^^AT^C 

i^^rt-S), ^gOilL^a (III). (IX) 

-s^stf: ^^u^mw (VI). (x i i ) ior 

xxx>»l/ : fyie:^ISfi]i^;^7;U^I<>K^i;^^IKl --2 2 
or ^:yt(Dj^-yr ^ K; s^r ^ K : cne>cDTJUr3 

-;U^r 5 >CC^^2 '-4(Dr^l'=^ 1 

-300 'tji'f^jjos •i*/cT;u=^;u*i i; r u > n 
->^b <!: 15 f e^tSfflS^ ^fl^ Ji^' i y \ - :7 X ;^ T- ;L/ . 
ty3L:i.f)V : mrie:f^fOi^:^JUjf>>^^<!:j^^?a2-4 
ood^ u n - L < (ic n 6(7:) ^ ->'t'<7){^^^i/Si 

2-3 0 OCD^K';t>'^=^ U>^' V r3-juicD>'N-:7xx 
-r^U. 5;^XX7^;U; -7UT^ >^ch^^?S2— 4 CD^''; 

=1 - ;u L < c n 6 CD ^ 3J - jucDi^jjp ^ 2 - 3 
0 0CD^^!';TJ^^U>^'Jr2-;^^co^^-:7T5 K : h 
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y) x^u>>7''jn-;us^ (y ^) r^y ^tfij 

«;) x^u>i/yn-;i/ :/Pb'L/>^y 
(y ^) TiJ7 y L/- hJSi'o (3j<y ) T;i/+u>^y 

(>^)ri57yu-h. h y ^^n-;u'7'D>'s> h y 
(y ^) TiJ7 y u- h y ^^a-;i':fays>s; 
^?) y h^^ci'co-tte (^^) Ti> y u- h 
h y x5^u>t:/y n-^Uv-v'U- ^yx^u> 
10 i/y h>:i<i:'co (4<y ) Tju=s^u>^y 

-;u>:;ivix- : fc^x;^;^J^;^:^- (ya?) Ty 
;ux;U>-^^-h. 2- (^ ^) r ^ y a + >'x^;L';7,;u 
3- (y^) TiJ^y p4^>'7'Pt';u;^;U3j^:^^ 

- 3 - (^^) T^y -t 
\ijixj\^7t^^- 3- (-p^a?) r^yn=^^'-2-t 
Fn^i^ypfc'Jl/j^Jl/^h:? jix;l/x— -riU, 3- (^ 

j^-^>yx-h. 4- (>^) ri^yn+v'r^^^u;^;^ 
j^^^-h. (-^^) T^y;UT5 K^^jux;u*>^. 
20 (y :$?) Ti> y-JUr ^ Kx^jU;3;;bd^>K. 

>ia; (-p^37) r^y^L'K^^-'i'. (>f ;$?) r^y^i/M 
x^ju. (^^) yjt'^:7*P tvu. (y^) T^y 

(^3?) Tt^ y>'L'^2 -x^;l/-si^5>;b. 
(^ 5?) y>'l'S2 - 1 KP^^^i^x^JV, (^ ^) T 
^y;uKt Fa=l^f>:?^oi::vu. (m^) r^y^i/Kb K 

30 ^^yv'S^JU^jri'cD (-;^:S2) T ^ y ^^I^Mij^^fS 1 — 2 2 
fiC>T;i'3-;u<i:<Dx;^7^;l/ ; ^) y^i/ 

2<l(7)r ^ ><i:(3r>T^ : ;^^U>. a-^^^UX^ 
trx;Uh;l/X>. p -^^;UX5'U>fti'<Dtfx 
>'L'5?#3SSS[ ; 1. 4-:/:$?>5x:t-.^U'=ey (y^) Td' 
yu-h. 1. 5-^>^>i>t—}i^'i:y(^^)TC^ 

yi^-h, 1. 6 .=^^-y->S^^-;U^y (>^) T^57 

^J\^-hfX^<Dr)\y^:yiyt-J\^ty (y^)Tt5'yu 

- ; :/a?>^x>. ^y>^*U>, 2 -.p^ ^^'l^- 1 . 3 
40 -zr^i^jiy^ 2-t>n;u-l. 3 - :/^>^x>?5:<!:CD 

i;x>^: (^3z) T^y;uTs (>^)r^yju 

h\ N. N -t^^^^^l' (^ ^) y JUT^ F^Ci'CT)^ 
l§fflT^K^: (^^) TtJ' y h y^i/, a-^S^nn 
Tt57 y px h y;u^c<t'cD:7^fia«js^r>SI : B^Kt'xju, 
>^'u f:t>g?fc:'x;Ufj:i'<D^tgftjxx-r;U!a ; (^:$?) 

y>'U^T$ yx^;u. (y^) Ti^yjuK^^^UT 
^yx^ju. (^3?) Til? y;u^5^^^>^ur 5>/x^ 

(y :$f ) y^UKi^>5=-;l/T5 -^^O tVU. (^ 
50 ^) yjUKi^:/^^i/r 5 yx^;u, fxjUfy5;^> 
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17 



Ji^^mmm: h ';r '^^ui^T^ hft^cDi^r^^u- 
x^U>i:?^';r3-;U^>' T»;>'l/X-7->H/. ^c<!: 
CDtrxjUx— r;UgiOi(iT 'j-^l/X-f-jL.® : ^KU>^^^ lO 

^;uva+lf>- ( 1 -:7'a fju- 3 - TtJ' y 

h) , ix^^;ut^p+if>- ( 1 -:7'ptVL'~3 - 

( 1 -yptVl/-3 -T^ y U- h) . ^^Jiyj^^Jl-iy 

n=^if>-trx- ( 1 -y'u\zjv~3-ji^^V 20 
h) 3^^^cDVP=^if>^2Si* : ^ h+v'jJ^y x5^u>i:/ 
r;:3-ju, X h=^i><l<'jx^u>i/';:3-ju, y'07t<^ 
i^Ti^ r;x^u>yi;r3-;u. ^ x^u>y y 

r3-;l/4<y :7"Pt:'U>^y xh + i^*ryx^u 

> ^ y n y 7'P f U > ^ y n y n ^^<+>-^ 
y X ^ u > y n - ;i/^hi y :7'p f u > y :3 — ju^'cC <i: cd 

i^fSl --3 0<DT>'Un-;UCeS^IK[2-' 1 8CDr;U+ 

u>:t^t^ 1 --3 0 o^>'t'{^Jjnu/cr;uri + f>^y 

rJl/+U>^y r3-;l/i^ y;Ugi<!:CDx;:^T'>^Mti^ 

co*-c*>T;un=^^s/;i<yT;u^u>^y p->'i^. ^(^c^ 
h =^ y x^^- u > ^ y =1 - Ju^cDgg^is 1 3 or j\y 
rj-juccx^ K€:^^ftnL//cr>^u=i+i^^J^ y X 

y zi-Jlt^^^ y;Ug^<bOx;:<f- >»Wt^fe?^^ 
[0 04 4] :^m^(D^&^i^ (A) 

^j, satbr ( I ) / ( I I ) / ( I I I ) = 1 --.9 9 
/gg-^r/o-so. < ii4 0--9 9/6 0— 40 

1/0-50. $6tafSb< «7 0-9 7/3 0-'3 
/O'-SO. $6CC$f^L'<tJ7 5-9 6/2 5-4/ 
0- 1 OCDffiHr^-SCiT&^W^LO-o *^H>a<D^tJI^ 
ft (B) (i. m&ttV ( I V) / (V) / (V I ) = 1 
-9 9/9 9- 1/0-5 0, ^L^< 5^4 0-9 9/ 
6 0- 1 /0-5 0. 36^af^ L< ti7 0-9 7/3 
0-3/0-30, ?6^CSf4U<ti7 5-9 6/2 5 
-4/0—1 0CO®Hr*^C<t:<^^J?*Lt»« 
[0 04 5] **H^CD^tM^ft (C) (D^OilL^te 
ii, MMttV (V 1 I) / (V I I I ) / ( I X) = 1 50 
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-9 9/9 9-1/0-5 0. »SL/<«40-99/ 
60-1/0-50. S6«:j?*0<«7 0-9 7/3 
0-3/0-30. ?^CC»*0<t3:7 5-9 6/2 5 
-4/0-1 0(D®fflr^^C<!:7^>5»SUl.\ 

*fi^(* (D) fit. mmtv (X) / (X I) / (X I 

I) = 1-99/9 9-1/0-50, Sf$L.<«40 
-9 9/6 0- 1/0-5 0. $6CCW^b<t3:7 0- 
9 7/3 0-3/0-3 0. 3e>CCJf?4U<«7 5-9 
6/2 5-4/0-1 0(Om@'C9>^CtiiiitfiLi.K 
[0 046] ftS^ft ( A) - ( D) (DMMW-^^M 
(i. a^5. 0 0 0-2 0 0. 0 0 0, j?f4L/< «1 
0. 000-100. 000. S^E>tCjf4U<« I 5. 
000 — 80. 00 0. $6CCjf?*U<l*2 0, 000 

-7 0. 0 0 0-c^^o ctifb>o:>f&^ttmtmMW-^'^ 

[0 04 7 ] ^m<^i^ (A) - (D) ^f#^:fir'a^s. 1# 

(A) fccfcc;^ (C) «:oiir«5j^yT^y;uK. 3i<y 
Ji< y T u =^ u > y y p - ^ X X ; w t u r *> f# ^ c 
[0 048] m-^^^s^. [Hi^s;r*)aMS;'c*i?f^c^ 

r;up-^i^. vr7'p tvi/r>'i':3-->'U^<i:<Dr;i/p— v'L' 

3a;^>-t2>. hJL'X>. ^S^U>. ^'^P-^=*^1f>. 

n — ^zr^>tj:a<o'n%m^^i^m'itmmtAmm \ 

i^^x^;UfcCi'(OxX7^;u® : r-fe h>. y^;Ux^jL. 

^SO'f#6n'S4<y:^7;U3^'>K<^>;^»?t4?!p6«. **s 
<fc2>'j5^1fe 1 - 4 (DfiiKT^l/P -"-ru<i: D 
ti^ 1 aX^i 2 a«±^ffll^ >5 C i $ 0 

[004 9 ] m^mi-hmt orti. ^<D*>cD^i^r' 

tj^)^Kt^ Eo:>-^WMl ; itM-ftTK^ ; T Vtrx ( 2 - 

Dx h yju^ci'or Vft^^ ; ^^^^J 
K, ^'i7PH';U^^-^=^>' K, Fp^^-^=^ 
i^F?'cC<b•■<D/^-:?^=^>'F ; Uii^mi^<Lt.ti^X^ . C 
neoiaXti2ati±*ffll^SCi*5r#So CCD 

F:^ F y •i7AX;Uj^+S^lx- F. T::^p;l'b->®??:y: 
i'OSTtSrO ; j:.^U>i>T^>. x^ u>i;^r ^ >Qit 
^:^Fy'i7A, yy 5/>Aj:<f:cDr 5 >{b^^ ; ^^cCi'cD 1 

aXfc^ 2 aJ:a±^»fflT^ C <!: t 
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[0 0 5 0 ] mmtbM'b'Si.^^'cmoxmmT^ m 

;^>. i^-^^f-v. 2 -T ^ >':7'a^^">- 1 -2^-;^^c 

[0 0 5 1 ] m-^i^mt. m<^>f^ti^m^yjm. ms^. 

0- 1 5 O^CCDKSrtrTf^'jr^ti^So CCDcfc^CCUrff 
6n/c:$:^BJ<D^tJl^i* (A) - (D) -eo^^-C 

[0 0 5 2 ] ( A) ( D ) ict. mm 

<(io. 0 s-smfi^i^^ji^tb^cDs^f^jra-rn^^^ 
?s»nM5&5 0. 0 1 ss%*«r{Ji4S6W6c^+^r 

1 OfiS%^@;^.-i>fi?:^^ffibrfciSr^1±<D 
®;&5 6^*«JiJa:^o *^?BCD^S^<* (A) - (D) * 

0-185 kg/m' . ;k/-fey > hl:b= 1 0-7 OS 
S%. Sf S U < (S#Ci*S 1 2 0 - 1 7 5 k g/m^ . 
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t 7k/-fe^> hJ:b= 2 0-6 5ag%;&5«$|$n'So 
[ 0 0 5 3 1 X. *^HJtD-t2^ > 

yx^u>;^;u*>K«[: 1#g3^l -11341 9-^-^ 

10 ^7-2 6 77 0 5#^iir$ROiP< ( a ) UriJ< 
lF>^k^ ch ( y ^ ) r ^ y ;uMi^{b^<b (Oit«^f$®: 

kti<oiS.. (c) fiS:^<i:Lr3j<';T;u=^u>^';=i-jL' 

TU;l'X-f-;U^^b^<b*^UT>^l^+U> 
^ >; n - ;l/2^^b^cD V u ^ >g!xx -r^l/ <b co^S^<* 

20 ^2 5 0 8 1 1 3-^<Din< A^^JiUr (^^) T^y 
U> ^ y r7 y y d t: U > U n -;l/l^-f b^ 

ti. c^!S:^<hL.r^i#^<D^®tst4S»J*^e>^cs=i>iJ7y- 

h'gfn^J. ^fPSBSe 2 -2 1 6 9 5 0-^<&fR(Diq< 

3?) y JbS^cDJi^y x^u> (7*pt:'w>) tj^yri- 

;Uxxr';l/^t/^3:^yx^U'> (r^Pt"U'» ^yri- 
(^^) Ty;^x-f'>»u. (-^^) ryji/Xib^h 
(«[) . Ti^'yjb^ (fi) ^^e)^c^*ts^ 

yjUK(D!j<yx^U'> (:/afU» ^yn-ji/xxf- 

(y d?) Ty;t'X;U5i-^>^ (^) . (y^^)T^y 
^UK (^) tf>hti:^^n^W. 1#<Z:¥5 - 3 6 3 7 7-^ 

u>) y y n-^ux;^^-^^. ry^t'X;ud^>M 
(iS) ^iHJp- (^^) ry .'i':t+i^'<>-fe'>:^-'i-j^^ 

1$B3^4 - 1 4 9 0 5 6^i:^$B(0SP< *Jyx^U> 

iJ'^yn-^l-ty (y:^) r y>»Ux-r>il/i vu>r>® 
40 icDftK-^f*. ^ig¥5 - 1 7 0 5 0 m<iM(0 

ip< ^) T:5? y>'i^K<7)?J<yx^u>^?'y :3-jux:^ 

y;u^ (^) . r;U;^>i^^-Ji^^^ (^3?)r^yu 
- V. ?J<y TJl'+U'>i5^y (^^) T^y u 

jij^ej^dT^^^s-^f*. n^w-Q - 1 9 1 9 1 B^^nmvi 

< ;i<y x^u>^^y r2-~;u^-/ ry^ux—r 
^yx^u^^/'y (^3?) r^^yu- 
^) r i^y;u^T^u+-'i^x;^'f>'U. (^3?) T 

50 ^yjU®! (ifi) . (-p*^) TyiU>^JUJ^>K (ts) 
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tip - (^^) T'J (^) 
^^ii:,U:Bi^m^W. #ia^5 - 4 3 2 8 8^^n<Dm< 

^^fcict^Oi^. #-i>0S5 8 - 3 8 3 8 0 -^^iifacDiP < 
9 - 1 8 3 38-^^ir$BcDjP<3i<yT^U+^>iJ^';=i->'^ 

^njg&^d:*Mt*;&^6nc^^fefi^(*. ^ttiaase 2- i i 9 
1 4 7#^$BcpjP< x;U^f->>KS€rWT^ (^^) Ti^ 

(*:i©xXr.^Uil:JS:jS!B5. ^^13^6 - 2 9 8 5 5 5^^ 

*Ro*p < r +$^51^ u r u > ^ y - ju-^t y r u 20 
Wt" ^ U :t r ;u =^ u >M2Sf* i CD X ;^ r ; W t 

Piters 

[ 0 0 5 4 ] cn6^^DO-t2^> h-:^^!^^]^^?^^ 

£J:t«. ii^5 -95: 95-5. Jf^L<« 10-9 30 

0 : 9 0- 1 OCD®H[^-C$)^„ HOC. :$:^Bj^CD-fey > 

( 1 ) yi^m\iM^mm:^-'Jr^VJm (i-hV^ 

h AS^co:^^W;t?>'U^K>S?S^ ; ;j< y x^ u 
i/x ^ u > * ^ I »; ^ a e u > CO ii< v-x 

ixx^ju-fejun-x, t FP + i^:7*P t'JU-fe^l/Ci-x^ 
y >Sxj::^f->'L' : T-'l/^'>®:^ h y -^A ; -t2-7^> : 50 
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(2) W^^xv;U>^H> : ^) T )\^Wrr)\^^ 

(3) iiiiSfi) : ^^L'::i>^. i'Obn^^' h >®^. T^^ 
y>3-KX«^i>K. SO\ cn.6<D, i-V') 

•^A, ti^)^U. :^;l/>-5A. ^^^S/'^A. T^-tx 

h-x. it--7:^D-x. Tt'h-x. y^ 

-X. ^t^^big^jrioDmiia^. iia. H«i*^©:ty 
=Jti. xtiT'^x F y i^t^^o:^ y rfsi, xtif +x h 

trh-;L'^o*iT;i/n-;u : ii^jb'^^^V'^A ; y> 

MafeO'CC-^-OSX^J^'^^KxXf-JUS ; T ^ >':^JU3i<> 

Kcb-e-cD^ ; T;u*y pI?t^>>'^'^H : s>K : ^> 

x>K; T?^^-;!/ : >/y -fey >^cD^ffiT;t'r3-;u ; 

y h y ( ^^U>^-X^>®) . l-t FP + i^X^ 

y r>-.i,i- >^:^x*>^. x^UVi^T 5 F^C 
^^u>3^:;^7f;>B!) . >?x^u> F yr ^>-^>3zc 
^^ix>d^x;i^>®) sa^cn6<DT;i':^ y^S... T 
y±S^ia^<D;i->x;f>>iKS:0'-e<D^^ft^. 

(4) ' (SiiSRJ : ^itt}}\^iy'^J^. 
'^A. 5&'K:^;i'>"i7A. :^^t;^>'i'^"i7A. 
'5A^0[)pI^tt:t?.'t'>"^AJg: ^^fci^, S^bvy^>>0 
A^coS^t^^ : SSKffi : TlcK^b;^/ y A : *K^b:f F y 
•^A : ^Kffi : ^^mim ; ^^O'^^'M^t^-'Ui^'i^A^ 
<D=fS^^ ; r)\^t}y-)\^T^iy ; r;t'^:^i2^> F : t) 

2^r)\^^^- F t^y^- F^o 

(5 ) mmmmm : stt. sfttt^^'^:^ 

( 7 ) mmm^Mmi -.^i^-om. xf-r u c 

(8) H§l5^x;^r;b3sm?SSii : ^ V -^V ly'^y 0 ty ^ 

^';;u-F. y;utrF-.'UFy:tux-F. 3^^S'7':^^ 
x^« 

(9) :t + >^T^U+L/>^mSg») : ^^V'X^ 

u> (^y) >'r^*at•^>^^JJ01^5^o^U3^^vT 

; t;x^ U>^y rj-;u-\:7>;ux-f"^l'. 
^Ky^t^^v-x^uvitu-f^t^x-f ^u. rt<y :^+>'':7'a 
b'U>>^5^>'l/X-r>'U. ^Ky:t + Sxx^u>3i<y :f =^^i^ 

t:u>2 -x^.rU^+5x;L'X-7^;U. gS*§Sl2 — 
1 4(D]SjSr;l'=i->'t'^CD^+>^x^ U>:t + >^:7*D t* 
l^>i^m^m(D (4<y) :^-+v/T;i/+;Wx--r;ua; 
y :i- + S/:7"p fc: xx;ux— f* ^y*=^s^x^ 
U>yx;U>'^x;l.x-f JU^CD (d<y) :t + >'r;u=^ 
u> (rju+>^u) T y -^l/X-f -^U3S ; 2, 4. 7. 9 

F5^^^l/-5 -f'*>'>-4. 7-t?:*--JU. 2. 
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- jucc r .'U u > it + K ^f^ftns^ ? -a-Zc r -fe ^ u > 

y;ue^> h «; tu-r>g^x;:^r;L'^cD (^»; ) 
T >»u =lr u > V ^ > JigMSx X fJi^M :rfiV^'^'^ y' 
CI t'U>y ^;Ux-r;uggK:f h »; A, <f<'Jt^i^x 
K'ri^^U:?:^ y-;^x-f-;^Sg®:^ h V^^mo 

JUSSKx;^;^^;^^; (7}<tJ) :t + i^X^U>^f-T'; 

;i/';>Kxx;f*;uS : d<y:t=^>'x^ u>^'i; y ;ut^ 
(10) rji/r3-;u.^r^?a?pj : ti>5^^i/r;i/ri-;i'. -v. 

( 1 1 ) r 5 b'mm'^m : r ^ h 7i< y r ^ 

(12) 'J >m:i^:^f^j\ymmm : >®t h y^^^u. 

(13) ^m^Em^jm^i : tjusx':7a;3^5^tu-' 

(14) i^U=3->.^mffl^J : i^^5=-;l/5^';n->tt, 

(15) AESiJ: «BiS«. fiSfiI*€»c^i:^^|g«IfliiroK. 
-h. ABS (r;u+;i/-^>-fe'>;^;u.-^>K) . ias (it 

d<y t + >'X^U>T>'U^JL' (r7xx;U) x-f- 

JL'. Ji<y ^^^i^x^ u>r^i/^ji/ (yxx;u) x-f*;u 
(:7xxji/) x-7";uy>Kx;^T-;ux«-e'<DtS, gS 

(16) -eofdz^ESttarj : :t ^ ^7=5^;i/T;un-jb-^ 

;^'rT y Jur;u::3-;u^co5>^f^{c 6 --3 o m(D^m 

;u^cD^^rtcc 6-30 m(o^mi^.^imt ^mM^ i 

3 OfitT^^SM^^rWr^ 1 ffi^>'l^^:7-^>. yx;L.:7 

y ^;U^O^^|^CC 6 3 0 fac7)^*M^^Wr 
Jl^^jly y-;t/, t^>'t^T ^ >^CD^9^T-I^CC 6 — 3 

0f@Oi^^i^^;^:g'^^T 5 >. ^ -i? y >M^;7, ^7- rj 

>M^co»-f i^cc 6-30 mo^mm^^^r^ ^^1.7^ 
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;u=^^u>t=t^f> F?: 1 o*jut^±{^3i±/cjj<y t;u+ 

10 (17) ES*»J : imm (iS) . J!l)ISKxxf-;U. ft 

(18) l^liSf] : ffi5i^i£. y >Mfe. S^itffiiS^o 

(19) OC^SJtiffiia^J : ir-^}ic^t^r)\^^>\^:s.^'r)\y 

(2 0) I^SSW : X h y>^V his. Sg^lS^. 

[0 0 5 5 ] -e-OffecD^^aicD-fe^ > h?S»om (tt) <b L 

20 ^m&\m^\. mmmmv -tju:? u-cy >>^s'L k 
ci;&^r^. cti6^i^*D<D-i2-^>has»nS>i (W) <r>Wk 

[0 0 5 6 ] #^cSf^lAd:^iS?i5M<h Urti^X© 1 ) - 

1) a)*l%BJcr)-fe^> h3S»[WJ. 0y^x>x;U4^>K 

^CD2fiS^*'i:^5I<!:-r^ffi^^t>-i±„ ®*|%B«<7>-fe 

br«5-'95 : 9 5-5CDffiffl7&sjff*L/<. 1 0->'9 
0:90-1 OCD$gH:«^^ctOJ?^UCio 

0g(D-fe^> hsssps»Jtc>itbro. oi-iojia%(Dffi 

3 ) (D^i^lBcD-fe-^ > h8l»PSiJ. 5 9-183 

3 8-^^i:^fBcosn< ^f<y T;u4^b>^y r3--ii.-:ty (^ 
40 :5?) T^^ y^i/^xxf-jb^^msi*. (^^)Td7y;UK 
xXt^-^^I/IS^S^. SO'cn6cD^af*i*m^nJgg;S: 

CD3^^?:'£^it-^ffi^^t)i±o fS. (3)CDt=J-^'T;U 

^> h3^»S»Ji(2)<DftS^(*(D^ff«CC*fUrO. 0 1 
- 1 0m*%cD|5H;&sj?$ oi^o 
[0 05 7 ] 

50 ISSSn^Sl^ t^%s, Fi|*CC#CC»r«9(D?:cC^PB*3%«S 
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CO 0 5 8 ] -mw^vi-^ ^^"y^ ^ -M^^^- 
®mwm : M i I 1 e n i umi^;^7^A (Wa t e r s 
Wi) 10 
: 4 1 0 R 1 (Wa t e r s SJi) 

!;^^A:ODS-2 3:$: ( GL1f ^ x>xS!{) 
ffiffl-^ffiiS : r-fe h ';-'l'6 0 0 0 *:8 9 46g 

4tCPSO/c4>CD 

S£iS : 0 . 6ml /m i n 

i'JS?a^ : 3 5 'C 

<±tS^(*cDSfi¥±^^S (Mw) CDSJJS^S>«T 

[0 05 9 ] aUSSia : M l l l e n i umS^::^7^A 20 
(Wa t e r siS) 

^tHS : 4 1 0 R I tfeffiS (Wa t e r s SS) 

: TSK-GEL G40 00SWXL. T 
SK-GEL G3000SWXL. TSK-GEL 
G2 0 0 0 SWXL (mv-S) 

T-feh^hV^Ul 7 6 5 g; 7k3 2 35 g 
&0'S^K:f h y AH7j<flliBj3 4 g p H 6 tcgi 

iffiii : 1 . 0ml /m i n 

SJffiSJg: 2 5-C 30 

: MM^^^^m (Mw ) 3&i 1 7 0 . 0 0 0. 
85. 0 00. 46. 000. 26. 000. 12. 6 

00. 7. 1 0 o<D3j<»;x^u>^y a-ju 
#HaTr8 o*c*rflof8ibfc. ;^ic> h + i/;j<yx^ 

(x^U>:f + i> K(D^i^^^J]fO'^:-'t'^7 5. V'U f 
L'>:^-^i^ KO¥i^'(^tt]'t;l/?&2 ) 5 2. 9g. Ti5^U 40 
JU^7. 1 3 0%7k^^t:^ h V -^ATKi^^gO. 5 
g. 7K39. 5g. 3 h^D f^>^0. 6 
g^ig-^U^^c-ty v-7K^^g;^j:60'Cc 1 . 1 
i-h'JO A*?§JS2 4 g * 4 ^Pa3l>H':f r J5J^;SSf^CC?g 
TL^Co ?ST$?7f^, 3 6CC1. 1 5 %ja^^£K:^ h -5 
A7K?gfg6 g^ 1 rSTU/Co -e-CDf^. 1 mN\ 

. mm^-^^^M 3 4. 9 0 0 ^D:*:^BJ<D^tS^«: 

( 1 ) (D7Km^^mfc. 
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J:C>'iiS£?^aS<&fflx./c;^'^xiJS0gSCC7K 16 9. 

-h52. 7g. T^^';>'L'M2. Ig. ^ ^ ^ V J\^m 
5. 2g. 3 O^TKS^t:^ h y '^ATk-^O. 4g. tK 
36. 9g. 3 -j^J\^tyy'hy'\::i\i:t>mo, 6 g^jg 

-^ufc^y-^-Ti^mmxhmcz, 3%jai£MT>^x 

A7K;^ 2 4 g 4 B$Pa^;&H:f rJSfCSSF^tCjgT 0 
/Co iTF^Tf^, 5 6CC2. 3%®K^r>^x'^A7K 

f#i=)n/c^tS^ft;S: 3 0 %?miti- h';'?A'CpH7. 
0^-C*fflUraS:¥i^^-?-a:3 5. 6 0 0(D*^?B<D 
(2) 07K?§^E^?#/Co 

[0060] f#6n/cft«^ ( 2 ) ocotiriieiijs 

:i-+i^KCD^i^'^HHI^>'L'ia:7 5. t*U>:**+i^ F(D 
¥l^^^'=fc;l/^2. 6. x^u>:t+f>F2»AS9 6. 
6^;U%. m/n = 28. Sr^-^/c. J^T^C, f 

[0 06 1 ] 

0 0 

1 15.0 

2 3 3.5 

3 30. 2 

4 15.3 

5 4. 9 

6 1. 1 
7£Lh 0 

[iSiS«?«3 ] Sjgff-. ?STiB^. S^Alffc 

J::am^l^iil^^m^fci7'y::^mmo^mcyi^l 6 9. 

#HmTr 8 0 'C^ -Cttll^ L/Co ^X^cMite^ 2 rfflC^/c 
oiioiD^ h + >';j<>jx^u>:y»j=i-;u4<y T^ofu 

>:J^';r3-;l/-t yr ^ h 3 4. 2g. yh^i^^' 

';x^U>^g r7-;U^y>t>tJ7 h (x^U>:t 

K<7:)i|ii^fTfJn^jl.fBj2 3) 18. 7g. T^y;L'K 
7. 2g. 3 0%7K^>fb:^ h y ^A7k?§?g0. 5g. 7k 
34. 8g. 3 -y^U^t?^ h:7*a f:t>SO . 5g4il 
'^L/<i^y'^-*i^?g?'cC60'Cc2. 3%aS£MT>^x 

'^A^k;s?g2 4 s^AmmM'f-cm.ft^p^dcmTL 
mmeg^immMinmTurc. "torn.. mpa?i# 

^^fi^i* (3) (oyi^mm^kmc. 
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10 7. 5e. ri";jL'®2 7. 5g. 3 0%7K^it:^ 
h y -fATKigSEZ. le. 7k3l. 6?. Z-j*}\^ti-:f 

(C 9 %ilSSS!T > * - 2 4 g €r 4 B#P^ AH:^ 

(Dfi^. 1 Btfai? I 8 0 -ctcias^ji^ 6 . a^s 

JCc«5r^3^+/c, f#e.nfcSfii&<*5r 3 0 h 
2 0 0©:$:^Bj©itfi^f* (4) (DAWm-^mc, 

[0 06 2 ] f#en/c^s^ ( 4 ) «:-?t,>-c±iaa'js 

+ >- K (DW-i^ma'f:)\^ 25. :?'^U>:*- + -> K 
i^^ttI*-'L'IK2. 6. x5=-U>:*-=t^i' F^AS9 0. 6 20 

[0 06 3 ] 

0 0 

1 11.7 

2 3 6. 4 

3 3 5.0 

4 16.9 

seut 0 30 

9. sgSrttii.^i'. uwTicmxim^n^mmm.^L'. 

mm^m%T-C 8 0 *C * -CttBS L. tc. -XI^^V^ ix-jK y 
u> >; =1 — ;l/-)< U f u >^ 'J n — JL-^ y T i7 
•Jb-h (x5^u>:i- + -> h-(D-?-l^f^J!JD*-iHB[2 5. 7' 
OfU>:t + i^ K©¥*5-f^JD-tJHg[2 ) 118. 9g. 
ri7*))VmiQ. Og. 3 0%*Kffc:^h y-^A*;®)® 
1. 0g.*32. 7g. 3-^J^:^:7■^7•ot•3^>Sf 
I. 5 g^rtl^t./fc^y'-TKjgfS'iec/u: 1 . 15% 40 
iaSSK:^ h y 4 g 4 4 B$H*H:f rSJCKSfS 

rtfCjSTbfc. ?ST,1s?7fa. S6«C1. 1 5%it5fE^:^ 

mrBi§i#^ur8 o-cK:aa<S:M^L, m^sfc;*^ 

( 1 ) (D7|<?§?K?:f#fc. 
#H»T-C8 0^CSr-i)DI»it//c. i^tcy h+5y;i<>;x5^ 50 
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¥l^{ttI*.'U?K75) 55. 3 g, Tit^y^U®!?. .5 
g. SO^TkSrfb:'- hy-^ATk^fKO. lg,*40. 
Og. 3-^Jb*7'h7'Db-:t>g!l. 0g?:?M^O:t 
*^-7-7k^)i60ffc4. Q%mm.i-\-')^2^yi(.m 
?g2 4 g *4B#PHl*H:frSfc;Slli^«:?rF0/c, ?ST$^ 

SJTBlAHtriirFLfco mPBl?l#^Ci-C8 Q-c 

1 9.8 0 0©Jtf5^^S^<* ( 2 ) ©*^?ff*»/c. 

9. 4g€:{±ii*. mH^T(csir.ssrt*siga»io> 

SSR^fflSlT-C 8 0 -C * -C»OJ» L. fc. iXtc y h + jJ< >; 

x^u>d/>;=i-jL-*y^ i^i? 1; h (xg^u>^+ 
i^K©^i^^^^:;i/ia2 5) 12 1. 2g. ^^fi";;!- 
K13. 8g, 3 0%7miti~V'}'^J>,imWL0. 2 
g. *33. 5g. 3 -^;l'*7>7'Df:*->g?0. 7 
g4ig^L^:*yv-7k?t?g^c6WC5. 2%igJK^T 
>*x^ A7k^?f 2 4 g?:4ffiJfe1M:trSC.^SF*9«c?S 
T(^/c. jg-mrf*. SP.«:5. 2%a5SMT>*x.;7 
A7K^?g6 g5: 1 B#rBl*H^rjSTUft:. -eofa. 1 

?l*^t>-c8 0 •CK:®a*-ti^o. a^Si&^^S 

1f , £a¥J*I^3-?-S 2 4. 6 0 0 y A.'UjJOK©* 

r. 1 ~4-cf#6nifc*^Bj<D^*-&«: ( 1 ) ~ 
{ 4 ) . it^mi 1 - 2 -eft e> i^fc J±«?*S^<* 
( 1 ) . ( 2 ) teJrcj^d^KiSFS-cftenfc* y 

[0 064] l«ilK:«fflL/cWi^*5<fcO**;l'5f^l'ie^ 

«. «6i/J>»ffl#3i3i<;i' h ^> K42j< > h 6 0 0 g. m. 

WmWB^ 0 0 g. ■b^> h8SJ[lSiJ4^7klS?S2 1 0 
g-C4>S. 

♦)t5*a8«"3-C-fe^> h<b8J?r®iS-C3 0#ra2g«OL/. 

ot J r?PJiA*cD*<&aA L/ r 3 ^s-Pa^g^ L- riSK l fc. 

ii#P^**;l<-$jH^^PBli L/fc. ot,»-c. illiU05t*;U 

f JU^a^r^S^M^. 3 0^?^. 6 0^f^. 9 0^m 
-?-n-e*i, ii:S5 5mm. 5 5 mmOcfSgRtSCC* 

fc. 

(0 065 ] 
(SI ] 
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